The LIGA (Lithographie Galvanoformung Abformung) process using synchrotron radiation lithography is applied to the microfabrication of capillary array electrophoresis (CAE) device. Laser-induced fluorescence detection system for the CAE device has been constructed by the modification of laser confocal fluorescence microscopy.
INTRODUCTION
The investigations for gene therapy and DNA diagnosis of human diseases have been stimulated by the rapid progress in Human Genome Project and has resulted in a new class of drugs, i.e., DNA based drugs, including human gene, disease-causing gene, antisense DNA, DNA vaccine, triplex-forming oligonucleotide, protein binding oligonucleotides, and ribozyme 1 ' 3 . The recent development of the capillary electrophoresis (CE) and the microfabricated CE device technology have facilitated the application of these technologies to the analysis of DNA based drugs, and the detection of mutation and polymorphism on human genes towards DNA diagnosis and gene therapy for human diseases 3 " 6 . Several difficulties are associated with the use of photolithography for the fabrication of high aspect ratio micro CE device in quartz or glass substrate, whereas several researchers have demonstrated such devices. In this study, we have examined the LIGA process for the microfabrication of CAE device using synchrotron radiation lithography in polymethylmethacrylate (PMMA) substrates 6 " 10 . In addition, laser-induced fluorescence detection system developed for the CAE device is applied to the imaging of DNA molecules during migrating in the array of microchannels to elucidate the separation mechanism of DNA and to optimize the separation conditions for DNA analysis'.
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EXPERIMENTAL
The beam line for LIGA process at Ritsumeikan University Synchrotron Radiation Center was used for the microfabrication. The DNA samples purchased form Takara (Kyoto, Japan) were 20-fold diluted with Milli-Q water. All other chemicals were of analytical reagent or electrophoretic grade from Wako (Osaka, Japan). The fluorescence microscopy apparatus was modified for the laser-induced fluorescence detection of DNA molecule migrating in michrochannel. Polyacrylamide solution containing DNA/dye complex was introduced into ca. 20-\sn gap between two cover glasses or microchannels on the microfabricated CAE device. The complex of DNA and dye was excited at 488 nm using an argon-ion laser (NEC, GLG3070). Fluorescence images were observed with a microscope (Carl Zeiss, Axiovert 135TV) and recorded on VTR using an SIT camera and an image processor (Hamamatsu Photonics, ARGUS 20). The position of the center of mass and the size of the DNA during migration were evaluated using an image-processor (Library Corp., HIMAWARY).
RESULTS AND DISCUSSION
The micropatterned PMMA substrate was fabricated by LIGA process. Figure 1 shows an SEM micrography of the detection part of microchannel array. MicroChannel, which is 50 nm wide and 100 nm deep, is useful for fast separation of DNA fragment generated by the extraction and PCR.
Separated DNA fragment is detected by the laser-induced fluorescence detection system. Microfabricated capillary array electrophoresis device developed here becomes a powerful tool for fast DNA analysis for human genome project. The laser-induced fluorescence detection system developed here is applied to investigate the dynamics of single DNA molecule in a polyacrylamide solution, which is the most efficient separation matrix for fast DNA analysis. DNA molecules labeled by intercalating fluorescent dye was detected during migrating in the array of microchannels and conformational dynamics of single DNA molecule in microchannels filled with linear polyacrylamide
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under electric field was observed by this system to elucidate the separation mechanism of DNA and to optimize the separation conditions for DNA analysis. The images of the single DNA molecule migrating in michrochannel, which is 20 jun wide and 10 Jim deep, was successfully visualized. The observations on the conformational dynamics of single DNA molecule provide significant information on the optimization of the conditions for the separation of several DNA fragments produced by PCR, DNA sequencing reaction, and enzymatic digestion reaction using microfabricated capillary array electrophoresis device as shown in Fig. 2 . The microchannel array coupled with laser-induced fluorescence detection system will be applicable to human genomic DNA analysis, DNA sequencing, DNA diagnosis of human diseases, and DNA typing for forensic applications. 
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